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1.  INTRODUCTION  AND  OBJECTIVES 


The  Energy  Policy  and  Conservation  Act  (Public  Law  94-163,  22  December  1975),  as 
amended,  authorizes  the  creation  of  a  Strategic  Petroleum  Reserve  (SPR)  to  store  up  to 
I  billion  barrels  of  oil  for  use  in  the  event  of  an  oil  import  disruption.U)*  Present  plans 
are  to  achieve  a  750-rr  .llion-barrel  goal  by  expanding  three  of  five  existing  storage  sites 
and  by  developing  a  new  site  at  Big  Hill,  TX. 

The  SPR  storage  sites  are  connected  by  pipeline  to  three  marine  terminals  for  oil  fill  and 
to  additional  pipelines  for  oil  drawdown  and  distribution  during  an  oil-supply  disruption: 

•  Seaway  complex:  The  Bryan  Mound  storage  site  is  connected  to  Phillips 
Petroleum  Company's  terminal  (formerly  the  Seaway  terminal)  in  Freeport, 
TX;  to  the  Phillips  refinery  at  Sweeney,  TX;  and  to  the  ARCO  marine 
terminal  at  Texas  City,  TX. 


•  Texoma  complex:  The  West  Hackberry  and  Sulphur  Mines  storage  sites  are 
connected,  and  the  Big  Hili  storage  site  will  be  connected,  to  Sun  Oil 
Company's  marine  terminal  in  Nederland,  TX. 

•  Capline  complex:  The  Weeks  Island  and  Bayou  Choctaw  storage  sites  are 
connected  to  the  government-owned  St.  James  marine  terminal  on  the  , 
Mississippi  River;  and  <.o  the  LOCAP  pipeline,  also  at  St.  James,  LA.(J_) 

Responsibility  for  overall  program  management  and  planning  lies  with  the  Department  of 
Energy's  (DOE)  SPR  Program  Office  in  Washington,  DC. 

The  SPR  is  segregating  the  crude  oil  it  purchases  into  four  grades  or  qualities.  These 
grades  are  light  gravity-low'sulfur,  intermediate  gravity-intermediate  sulfur,  intermedi¬ 
ate  gravity-high  sulfur,  and  heavy  gravity-high  sulfur.  As  of  31  December  1986,  191 
million  barrels  of  light  gravity-low  sulfur  crude  were  segregated  in  19  caverns,  with  234 
million  barrels  of  intermediate  gravity-high  sulfur  crude  segregated  in  25  other  caverns. 

A  single  cavern  is  dedicated  to  the  storage  of  11.2  million  barrels  of  heavy  gravity-high 
sulfur  Maya  crude,  while  Weeks  Island  mine  contains  the  Reserve's  entire  73-million- 
barrel  stockpile  of  intermediate  gravity-intermediate  sulfur  crude. 

*  Underscored  numbers  in  parentheses  refer  to  the  list  of  references  at  the  end  of  this 
report. 


During  a  disruption  of  crude  oil  imports  to  the  United  States  necessitating  a  drawdown  of 
the  SPR,  it  is  probable  that  transportation  fuels  refined  from  SPR  crude  oil  will  be 
acquired  by  the  U.S.  military  forces.  These  fuels  may  be  used  almost  immediately,  or 
they  may  become  a  component  of  prepositioned  reserves  subject  to  long-term  storage  or 
they  may  be  added  to  tank  farms  for  relatively  short-term  storage. 

To  date,  no  products  have  been  commercially  refined  from  the  segregated  SPR  crude  oil 
streams.  The  crude  oil  sold  during  a  test  sale  and  drawdown  in  December ,  1985  and 
January  1986  was  commingled  with  other  crude  oil  stocks  at  refineries  prior  to  being 
processed.  While  the  consensus  among  refiners  is  that  they  will  be  able  to  obtain 
products  from  the  segregated  SPR  crude  oil  streams  with  little  or  no  refining  difficulty, 
no  thought  or  study  is  known  to  have  been  given  to  additive  treatment,  storage  stability, 
or  upgrading  response  of  these  products. 

The  technical  responsibility  for  research  on  mobility  fuels  within  the  Department  of  the 
Army  resides  at  the  U.S.  Army  Belvoir  Research,  Development  and  Engineering  Center, 
one  of  two  research  centers  under  the  U.S.  Army  Troop  Support  Command.  The 
execution  of  this  technology  base  program  is  supported  by  the  Belvoir  Fuels  and 
Lubricants  Research  Facility  (BFLRF),  a  Government-owned,  contractor-operated  labo¬ 
ratory  located  at  the  Southwest  Research  institute  (SwRh)  in  San  Antonio,  TX.  A 
primary  mission  of  both  the  Center  and  BFLRF  is  research  on  transportation  fuels  used 
by  the  (J.S.  military  and  NATO  allies.  BFLRF  has  performed  research  on  storage  of 
crude  oils/finished  fuels  for  DOE's  Strategic  Petroleum  Reserve  Office  in  the  1976-1979 
time-frame  (2-4),  and  has  developed  a  computerized  crude  oil  characterization  program 
for  the  U.S.  Army. (5) 

Accordingly,  the  objective  of  this  program  was  to  investigate  quality  of  diesel  fuels, 
distilled  from  the  eight  SPR  crude  oil  streams.  Each  of  the  crude  oil  streams  was 
actually  a  mixture  of  crude  oils,  witli  one  exception. 

This  report  details  the  methods  used  to  produce  diesel  fuels,  the  results  of  tests  on  their 
characterization,  and  provides  recommendations  for  follow-on  studies,  which  should 
generate  further  valuable  data  of  interest  to  the  U.S.  Army  and  the  U.S.  refining 
industry. 


IL  BACKGROUND 


The  Strategic  Petroleum  Reserve  has  been  storing  crude  oil  since  1977.  Crude  oil  is 
separated  into  the  rather  broad  categories  of  "sweet"  and  "sour",  depending  upon  sulfur 
content.  Nearly  two-thirds  of  the  reserve  is  high  sulfur  or  "sour"  crude,  i.e.,  it  contains 
in  excess  of  one  percent  by  weight  of  sulfur.  Crude  oil  received  through  1986  came  from 
20  different  countries  throughout  the  world.  Because  of  the  diversity  of  crudes 
purchased  for  the  SPR,  there  has  been  concern  about  compatibility  on  mixing  and 
stability  during  mixed  storage.  Crudes  may  be  mixed  through  1)  commingling  before 
storage,  2)  turbulence  during  cavern  "pump  in",  3)  diffusion,  convection,  and  gravity 
during  storage,  and  4),  drawdown  exercises  or  when  withdrawing  crudes  for  sale.  Partial 
assays  of  these  crude  mixes  have  been  published  but  only  recently  has  distillation  and 
characterization  of  significant  fuel  fractions  derived  from  SPR  crudes  been  performed. 

In  a  July  1985  letter  of  agreement  to  DOE  from  U.S.  Army  titled  "Characterization  of 
Diesel  and  Aircraft  Turbine  Fuels  From  SPR  Crudes,"  it  was  stated: 

"Over  the  next  12  months,  the  SPR  will  provide  BFLRF  with  500-gallon  (10- 
barrel)  samples  of  each  of  the  eight  SPR  crude  oil  segregations; 

•  "Using  a  pilot-plant  still,  BFLRF  will  refine  these  eight  crude  oil  samples  to 
obtain  100-  to  200-gallon  samples  of  the  fuels  of  interest  for  detailed 
characterization; 

,  •  "The  refined  fuels  will  be  used  in  limited  full-scale  engine  evaluations  and 

subjected  to  upgrading  to  DF-2  quality;  and 

•  ,  "Complete  study  results  will  be  pro/ided  to  SPR  for  review  and  comment 

prior  to  publication." 

From  December  1985  to  January  1 986,  the  Strategic  Petroleum  Reserve  Office  (SPRO) 
conducted  a  test  sale  and  drawdown  on  four  of  the  eight  SPR  crude  oil  streams. 
Concurrently,  10-drum  samples  of  each  cf  the  eight  SPR  crude  oil  streams  were 
collected  for  use  in  this  work.' 


UL  STATEMENT  OF  APPROACH 


A.  Approach 

i 

The  crudes  were  to  be  distilled  to  provide  naphtha,  middle  distillate,  and  bottoms 
fractions.  Two  of  these  frictions  were  simply,  to  be  set  aside.  The  middle  distillate  cut 
was  to  be  characterized  and  any  difficulties/peculiarities  in  the  distillation  effort 
documented.  This  was  to  be  a  moderate-scale  distillation  effort  rather  than  a 
laboratory-scale  process.  Key  chemical  properties  were  to  be  measured  via  standard 
laboratory  testing,  supplemented  by  bench  testing  and,  possibly,  limited  full-scale  engine 
testing. 

B.  Program  Plan 

Key  activities  in  this  effort  included: 

•  Review  and  evaluation  of  present  SPR  crude  inventory  and  assay  relationship 
to  refineability 

•  Acquisition  of  samples  from  the  eight  SPR  crude  streams 

•  Physical/chemical  characterization  of  crude  streams  (crude  assay  data) 

•  Distillation  into  predetermined  fractions  and  complete  characterization  of 
these  fractions  versus  VV-F-800*  (6)  requirements  or  other  specifications 

•  Comparison  of  SwRI  distillation  yields  with  crude  assay  data 

•  Interpretation  of  distillate  characteristics  in  terms  of  refineability 

•  Interpretation  of  fuel  characteristics  in  terms  of  field  expedient  fuel  program 
requirements  and  fuel  stability 


*  VV-F-800  is  the  Federal  method  which  specifies  three  grades  of  diesel  fuel. 
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IV.  EQUIPMENT  AND  MATERIALS 


A.  Crude  Oil  Samples 


Preliminary  assay  data  published  in  the  Federal  Register  (7)  were  used  for  scope  and 


planning  purposes  and 

j  are  included  as  Appendix  A. 

These  eight  crude  oil  stream  samples 

ares 

1. 

SPR  West 

Hackberry  Sweet 

5. 

SPR  Bayou  Choctaw  Sour 

,  2. 

SPR  Bryar 

i  Mound  Sweet 

6. 

SPR  Bryan  Mound  Sour 

3. 

''•PR  Bayc 

j  Choctaw  Sweet 

7. 

SPR  Weeks  Island  Sour 

4. 

SPR  West 

Hackberry  Sour 

8. 

SPR  Maya 

A  complete  crude  oil 

assay  of  each  SPR  crude  oil  stream  was  performed  by  the  National 

Institute 

for  Petrolet 

i 

am  and  Energy  Research  (N1PER).  These  results  are  included  as 

Appendix  B,  and  it  is  i 

noted  that  the  NIPER  samples  were  collected  separately  from  those 

employed  in  this  work. 


Initial  tests  of  the  delivered  crude  samples  (measurement  of  API  gravity)  indicated 
consistent  quality  of  crude  from  drum  to  drum  for  each  sample.  Results  are  shown  in 
TABLE  1.  Comparison  of  these  data  to  both  the  preliminary  and  N1PER  assay  data  was 
excellent  and  indicated  that  all  samples  were  properly  labeled  and  identified. 


TABL|E  1.  Gravity  of  SPR  Crudes  at  BFLRF  Compared  to 
Other  Gravity  Data 


API  Gravity 


Crude  Oil  Name 

BFLRF 

No. 

Bayou  Choctaw  Sour 

1072C 

Bayou  Choctaw 

Sweet 

1071C 

Bryan  Mound  Maya 

1058C 

Bryan  Mound  Sour 

1Q59C 

Bryan  Mound  Sweet 

1060C 

Weeks  Island  Sour 

1973C 

W.  Hackberry  Sour 

IQ64C 

W.  Hackberry  Sweel 

:  1065C 

By  Drum  Number 
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33.3 

33.3 

33.3 

36.3 

36.3 

36.3 

22.3 

23.4 

22.9 

32.7 

32.6 

32.6 

36.5 

36.6 

36.7 

23.9 

23.9 

23.9 

33.4 

33.5 

33.4 

38.1 

37.9 

38.1 

BFLRF 

NIPER 

Federal 

Data 

Register 

33.3 

33.6 

31.0 

36.3 

36.5 

36.2 

23.0 

22.9 

22.1 

32.6 

31.5 

33.2 

36.6 

36.0 

36.2 

23.9 

23.9 

29.7 

33.4 

33.1 

33. 1 

38.0 

33.1 

37.0 

All  crude  charged  to  the  system  was  prefiltered  through  a  40-micron  sock  filter  to 
remove  particulate  matter  and  to  provide  some  dewatering  of  the  otherwise  untreated 
crude  oil.  The  crudes  were  not  desalted  as  is  the  conventional  practice  for  a  normal 
refinery  because  the  hardware  capability  was  not  available.  The  salt  and  water  contents 
of  crudes  stored  in  the  SPR  were  known  to  diminish  with  time  as  a  result  of  settling  out 
due  to  gravity;  the  concentrations  of  salt  and  water  in  the  samples  used  in  this  program 
were  not  determined.  The  volume  of  filtered  crude  charged  to  the  system  feed  tank  was 
measured  by  a  level  gauge  on  the  tank. 

B.  Pilot  Plant  Distillation  Apparatus 

A  simplified  flow  diagram  of  the  continuous  pilot  plant  distillation  apparatus  used  in  this 
study  is  presented  as  Fig.  1.  The  design  and  construction  of  the  apparatus  have  been 
described  previously .  (8)  The  distillation  system  modules  are  illustrated  in  Fig.  1,  and 
the  operating  procedure  is  described  below.  The  eight  modules  of  the  distillation  system 
are: 

•  Feedstock  storage  and  delivery 

•  '  Distillation  column 

•  Inert  gas  delivery 

•  System  pressure  control 

•  Overhead  distillate  recovery 

•  Overhead  product  storage 

•  Bottoms  product  recovery 

•  Bottoms  product  storage 

The  feedstock  storage  and  delivery  module  consists  of  a  350-gallon  stainless  steel  tank, 
feed  pump,  flow  meter,  feed  preheater,  and  associated  piping  and  valving.  The  column 
module  includes  five  separate  feed  port  locations  along  the  length  of  the  column,  a 
rectification  furnace  (top  half  of  the  column),  a  stripping  furnace  (bottom  half  of  the 
column),  a  reboiler,  and  reboiler  furnace.  The  column  is  13  feet  in  height  and  is  packed 
with  Goodloe  packing.  Inert  gas  feed  to  the  column  is  regulated,  metered,  and 
introduced  to  the  column  through  the  reboiler. 

The  overhead  distillate  recovery  system  consists  of  an  overhead  vapor  condenser,  a  gas 
liquid  separator,  a  reflux  splitter  which  diverts  condensed  liquids  either  back  to  the 
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Figure  1.  Simplified  process  flow  diagram  lor  distillation  unit 


column  or  to  product  collection,  an  overhead  product  receiver  (5-gallon  capacity),  and 
an  overhead  product  pump.  The  system  pressure  control  is  an  extension  of  the  overhead 
distillate  recovery  module  that  has  a  vent  or  vacuum  port  connected  to  the  gas/liquid 
separator.  Pressure  is  controlled  with  a  vacuum  pump  and  bypass  control  valve.  The 
bottoms  product  recovery  module  consists  of  a  bottoms  product  cooler,  bottoms  product 
pump,  flow  meter,  and  recycle  line. 

The  overhead  product  storage  module  (not  shown  in  entirety)  receives  distillate  product 
through  the  overhead  product  transfer  pump.  This  module  also  includes  a  product 
transfer  pump.  The  bottoms  product  storage  module  (not  shown  in  entirety)  receives 
product  through  the  bottoms  product  pump  directly  from  the  column  and  includes  its  own 
transfer  pump.  The  product  storage  tanks  are  250-gallon  capacity  each. 

System  conditions  are  controlled  by  a  computer  which  monitors  system  temperature, 
flow  rates,  and  pressures.  The  computer  software  package  provides  interactive 
communication  with'  the  process;  time  event  programming,  and  data  logging  features. 
Material  balances  were  aided  by  volume  level  gauges  on  the  feed  tank,  overhead  product 
receiver,  bottom  product  storage  tank,  and  overhead  product  storage  tank. 

Operating  conditions  of  record  included  feed  rate,  preheater  temperature,  rectification 
temperature,  stripping  temperature,  and  reboiler  temperature.  The  feed  rate  (gallons 
per  hour)  was  controlled  by  a  meter  setting  on  the  feed  pump.  This  was  adjusted  to 
provide  maximum  flow  rate  at  desired  preheater  temperature  without  stressing  the  heat 
duty  of  the  preheater  beyond  90  percent.  The  rectification  temperature  is  the  control 
setting  for  the  rectification  furnace,  which  adds  heat  to  the  top  half  of  the  column.  The 
stripping  temperature  is  the  control  setting  for  the  stripping  furnace,  which  adds  heat  to 
the  bottom  half  of  the  column.  The  reboiler  temperature  is  the  control  setting  for  the 
reboiler  furnace  which  adds  heat  to  the  reboiler  pot.  The  reboiler  is  attached  to  the 
bottom  of  the  column,  and  a  liquid  level  is  maintained  in  it  to  control  flow  to  the 
bottoms  product  storage  tank.  Nitrogen  stripping  was  used  in  each  run  to  assist  in 
removing  light  components  from’ bottoms  fractions.  The  overhead  product  reflux  ratio 
was  varied  from  1:1  to  5:1  (reflux:product). 
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V.  PRESENTATION  OF  RESULTS 


A.  Preoperation  Shakedown 


Because  no  crude  oils  had  previously  been  distilled  with  the  unit,  the  distillation 
apparatus  was  taken  through  a  preoperation  evaluation.  Several  minor  repairs  were 
required  as  preparation  for  operation.  A  special  feed  and  filter  system  for  handling 
crude  oils  was  designed  along  with  a  heat-traced  bottoms-handling  system.  The  column 
was  also  equipped  with  a  vacuum  system  to  permit  lower  temperature  distillation  of 
crude  oils.  As  a  shakedown  run  of  the  modified  unit,  diesel  fuel  used  in  another  BFLRF 
program  was  distilled  in  25  vol%  increments.  Following  this  shakedown,  and  completion 
of  other  modifications  to  the  column  to  allow  operation  with  crude  oil,  West  Hackberry 
Sweet  crude  oil  was  charged  to  the  unit  for  the  initial  run. 


B.  Results  of  Preliminary  Test  Run 

West  Hackberry  Sweet  crude  oil  was  chosen  for  the  initial  run  because  it  represented  the 
"lightest"  (or  lowest  gravity)  of  the  sweet  crude  oils.  Accordingly,  it  was  expected  to  be 
the  easiest  crude  oil  to  process.  Minor  problems  with  the  electrical,  vaccum,  and  feed 
pump  systems,  piping,  and  computer  control  were  encountered  in  this  initial  run.  While 
these  problems  individually  were  not  significant,  together  they  resulted  in  an 
unsuccessful  test  run.  The  data  in  TABLE  2  resulted  from  the  first  attempt  to  distill 
crude  oil  using  this  system. 


TABLE  2.  Yield  Data;  Preliminary  Distillation  of 
West  Hackberry  Sweet  Crude  Oil 


Description 

Yield  Data 

D  36  Data 

Gravity, 

«APt 

gallons 

volV1* 

IBP.  of  (OC) 

EP.  °F  (“Cl 

Naphtha 

25 

23.6 

38  (  31) 

692-696 

59.3-60.6 

(255-257) 

Topped  Crude 

3 

2.3 

NA 

NA 

NA 

(unprocessed' 

Dist.  No.  1 

3.5 

0.5 

NA 

NA 

NA 

Dist.  No.  2 

2 

1.9 

213  (100) 

*56 (236) 

67.3 

Dist.  No.  3 

1 

0.9 

276  (136) 

501 (260) 

*1.7 

Dist.  No.  6 

'4 

3.8 

233  (162) 

696  (257) 

66.1 

Dist.  No.  5 

'* 

3.3 

623  (217) 

590  (310) 

37.7 

Dist.  No.  6 

12 

11.3 

656  (236) 

651 (366) 

35.3 

Bottoms 

30 

23.3 

380  (193) 

NA<*> 

27-3 

Unaccounted  ford) 

2!».  5 

23.. 

Total'1' 

106.0 

100.0 

( *  *  based  on  two  drums  charged  to  mil  at  53  gallons  per  drum. 
(2>cracked  at  720°F  (3S2°C). 


No  attempt  was  made  to  reconstitute  a  350°  (177°C)  to  650°F  (343°C)  fraction  from 
distillate  samples  !  through  6,  nor  was  any  VV-F-800-type  analysis  of  a  distillate  oil  or 
reconstituted  blend  attempted.  This  is  because  the  wide  range  of  D  86  data  for  the  six 
samples,  plus  the  large  amount  of  material  lost  or  unaccounted  for  (23.1  vol%),  raised  a 
serious  question  concerning  the  representativeness  of  these  samples.  The  tabulated 
results  thus  indicated  that  a  redistillation  of  West  Hackberry  Sweet  would  be  necessary 
if  project  objectives  were  to  be  met. 

Because  the  pilot  distillation  column  is  only  capable  of  making  a  single  fractionation  per 
pass,  it  was  necessary  to  collect  a  naphtha  fraction  in  the  first  pass  and  then  redistill  the' 
bottoms  product  from  that  run  to  obtain  the  desir’d  boiling  range  product.  In  the  case  of 
two  crude  oils  (Bryan  Mound  Sweet  and  Maya),  this  procedure  was  modified  by  removing 
both  the  naphtha  and  diesel  fuel  fraction  in  the  first  pass  and  then  the  naphtha  was  split 
from  the  diesel  fuel  fraction  in  the  second  pass. 

C.  Distillation  of  Eight  SPR  Crude  Oil  Streams 

A  total  of  2.5  to  10  gallons  of  distillate  product  in  the  DF-2  boiling  range  were  prepared 
from  each  of  the  eight  SPR  crude  oil  mixes.  Characterization  of  these  materials  was 
conducted  using  standard  ASTM  methodology.  All  distillate  samples  were  stored  in  a 
cold  box,  as  were  the  naphtha  fractions,  in  order  to  minimize  deterioration  of  products 
prior  to  analysis.  The  one  sample  of  middle  distillate  from  West  Hackberry  Sweet 
originally  prepared  under  less  than  optimal  operating  conditions  was  replaced  by 
repeating  the  distillation  of  West  Hackberry  Sweet  crude  oil.  The  column  operating 
conditions  employed  during  distillation  of  the  eight  crude  oils  are  presented  in  TABLE  3. 
TABLE  4  represents  a  comparison  of  actual  to  expected  yields  based  on  crude  assay  data. 
Analytical  data  for  middle  distillate  fractions  obtained  are  presented  in  TABLE  5. 
Arithmetic  balances  performed  on  certain  chemical/ physical  oil  properties  are  shown  in 
TABLE  6.  Trace  element  content  of  the  crude  oil  mixes  and  filterable  particulates  from 
the  middle  distillate  fractions  are  provided  in  Table  7.  The  80°C  storage  stability  test 
date  are  included  in  TABLE  8.  Because  of  the  relatively  small  quantities  of  middle 
distillate  actually  refined  from  each  of  the  eight  crude  oil  streams,  it  was  not  possible  to 
perform  any  full-scale  engine  evaluations  or  to  upgrade  any  of  the  samples  to  DF-2 
quality.  Despite  this,  conclusions  based  on  the  quality  of  straight-run  middle  distillate 
fuels  refined  from  SPR  crude  oil  streams  are  useful  in  evaluating  the  quality  of  fuels 
that  can  be  produced  by  a  refinery  using  the  same  feedstock. 


TABLE  3.  SPR  Crude  Distillation  Operating  Conditions 
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TABLE  5.  Analytical  Data  for  Middle  Distillate  Fractions  From  SPR  Crudes 


TABLE  7.  D  2276  Filter  Analysis  and  Trace  Metals  in  Crude  Oils 
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TABLE  8.  80°C  Storage  Stability  Test  Results 


VI.  DISCUSSION 


Expected  yields  as  calculated  from  crude  assays  provided  by  N1PER  are  compared 
against  actual  yields  in  TABLE  4.  The  target  product  was  the  fraction  of  crude  oil 
boiling  from  375°F  (190°C)  to  650°F  (343°C).  Separation  efficiencies  were  less  than 
anticipated  and,  therefore,  some  of  the  material  boiling  above  375°F  was  collected  in 
the  naphtha  fraction  and  not  all  material  boiling  up  to  650°F  was  collected  in  the  diesel 
fuel  fraction.  Recovery  of  all  the  650°F  material  in  commercial  refining  operations  is 
also  a  problem  unless  the  column  is  running  at  optimum  conditions. 

The  eight  middle  distillate  samples  collected  fall  within  a  range  of  302°F  (150°C)  to 
419°F  (215°C)  initial  boiling  point  and  538°F  (281°C)  to  696°F  (369°C)  end  point  as 
measured  by  ASTM  D  86  distillation.  Based  on  these  results  and  the  available  crude  assay 
data,  data  for  the  products  obtained  are  in  apparent  agreement  with  expected  values, 
with  the  exception  of  a  poor  sulfur  balance  for  middle  distillate  derived  from  Maya  crude 
(TABLE  6).  Additional  samples  of  the  Maya  middle  distillate  fraction  were  evaluated, 
but  no  satisfactory  explanation  for  the  discrepancy  has  been  identified. 

As  a  general  check  of  distillation  efficiency,  a  material  balance  was  run  on  the  375°F 
(190°C)  to  530°F  (277°C)  fraction  reported  in  the  crude  assay,  as  complete  recovery  of 
this  material  should  be  evident  in  either  the  naphtha  or  the  diesel  fuel  fraction.  Material 
balance  calculations  were  made  from  a  combination  of  total  product  recovery  from 
distillation  operations  and  the  ASTM  D  86  distillation  curves  for  the  recovered  products. 
The  fraction  recoveries  for  both  the  naphtha  and  middle  distillate  are  presented  in 
TABLE  4.  Actual  yields  of  naphtha  were  consistently  higher  than  assay  because  some  of 
the  375°  to  530°F  fraction  was  also  collected  in  this  cut.  This  is  particularly  true  of  the 
West  Hackberry  Sweet  and  Weeks  Island  Sour  crudes  in  which  the  naphtha  run. 
temperatures  were  higher  than  other  runs,  based  on  data  in  TABLE  3. 

The  material  balance  for  the  middle  distillate  fractions  (375°  to  530°F)  ranged  from  90- 
to  112-percent  recovery.  Deviation  of  these  recovery  figures  from  the  expected  100 
percent  can  be  attributed  to  measurement  errors.  Relatively  small  quantities  of  each 
diesel  fuel  fraction  were  collected,  and  the  total  feed  was  determined  by  difference  of 
what  remained  in  the  feed  tank  and  the  column  and  the  amount  collected  in  the  bottoms 
storage  tank.  This  was  compared  against  the  quantity  collected  as  product.  The 
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combination  of  losses  in  the  column  and  the  measurement  of  relatively  small  quantities 
in  large  tanks  added  error  to  the  calculations.  The  other  source  of  data  for  the  material 
balances  is  the  ASTM  D  86  distillation.  This  method  is  a  less  efficient  distillation  than 
the  ASTM  D  2892  and  D  1160  methods  used  for  the  crude  assays  and,  therefore,  is  not 
directly  comparable.  Considering  these  error  sources,  and  discounting  rineasurement 
errors,  recovery  of  the  middle  distillate  fractions  matched  that  documented  in  the  crude 
assays.  Based  on  the  data  presented  in  TABLES  4  and  5,  both  DF-1  and  DF-2  can  be 
refined  from  SPR  crude  oil  streams.  Some  upgrading  will  likely  be  necessary,  however, 
to  ensure  that  products  fully  conform  to  VV-F-800  specifications. 

All  products  exhibited  good  accelerated  stability  (D  2274  in  Table  5)  following  treatment 
with  a  multifunctional  additive.  Even  in  the  absence  of  the  additive,  seven  of  the  eight 
products  had  good  accelerated  stability,  and  these  trends  were  confirmed  by  80°C 
storage  stability  test  results  (Table  8).  The  cetane  numbers  and  cetane  indexes  of  all 
products  exceeded  the  minimum  requirements  for  both  DF-1  and  DF-2. 

While  the  flash  point  of  West  Hackberry  Sour  was  unacceptably  low,  this  product  also  had 
the  lowest  initial  boiling  point  (IBP).  Consequently,  the  flash  point  could  be  raised  by 
taking  a  larger  naphtha  cut,  effectively  raising  the  IBP.  The  kinematic  viscosity  of  West 
Hackberry  Sour  was  also  the  lowest  of  the  eight  streams,  but  an  upward  adjustment  of 
the  naphtha  cut-width  to  raise  the  flash  point  and  IBP  would  also  raise  the  viscosity. 
Copper  strip  corrosion  for  the  West  Hackberry  Sour  product  exceeded  the  specification 
maximum,  perhaps  as  a  consequence  of  corrosive  mercaptans  being  present  in  the  lower 
boiling  fraction  of  the  product.  This  would  be  consistent  with  the  makeup  of  the  stream 
that  is  known  to  contain  crude  oil  with  a  relatively  high  content  of  mercaptans.  Once 
again,  a  higher  IBP  may  mitigate  this  problem  for  DF-1  and  DF-2  products. 

All  products  met  DF-2  requirements  for  carbon  residue  of  the  10-percent  bottoms,  and 
only  Bryan  Mound  Maya  and  Bayou  Choctaw  Sour  products  failed  to  meet  the  more 
stringent  DF-1  requirements. 

The  ash  content  of  West  Hackberry  Sour  and  Bayou  ChOctaw  Sour  products  exceeded  the 
DF-1  and  DF-2  maximum  of  0.0 1  mass%.  The  high  ash  content  of  these  two  samples 
does  not  appear  to  be  related  to  the  trace  elements  content  of  the  samples  (TABLE  7),  as 
other  product  samples  have  higher  trace  elements  but  lower  ash  contents. 


In  TABLE  6,  the  deviation  between  observed  and  calculated  values  for  aniline  point  is 
positive  in  all  cases  and  represents  an  apparent  bias.  This  bias  results  from  an 
assumption  of  uniform  distribution  of  aromatic  compounds  throughout  the  boiling  point 
range  of  each  fraction  collected  for  analysis.  In  fact,  there  is  no  such  even  distribution 
across  the  fractions.  Therefore,  the  calculated  "contribution"  of  aniline  point  from  each 
fraction  whose  sum  comprises  the  observed  value  is  directionally  low.  Thus,  the 
difference  between  observed  and  calculated  values  is  directionally  high.  A  similar  bias 
may  account  for  the  positive  deviation  between  observed  and  calculated  values  for 
cetane  index.  As  noted  earlier,  an  unexplainably  large  difference  exists  between 
observed  and  calculated  values  for  sulfur  content  of  the  Bryan  Mound  Maya  product. 

Iron  and  other  trace  elements  were  present  in  moderate  amounts  in  the  products  from  all 
eight  SPR  crude  oil  streams  (TABLE  7).  This  is  not  an  unexpected  result  but  is  typical  of 
refinery  experience  wherein  an  overhead  condensor  for  a  distillation  tower,  or  product 
rundown  pipelines,  are  corroded  through  contact  with  hot  corrosive  vapor,  resulting  in 
the  presence  of  scale  in  products.  Certainly,  the  relatively  high  iron  content  of  all  but 
the  Bryan  Mound  Sweet  product  would  be  expected  from  corrosion  of  steel.  The  high 
sulfur  content  of  the  Bryan  Mound  Sweet  product,  relative  to  other  trace  elements,  may 
be  a  manifestation  of  the  product's  instability.  Bryan  Mound  Sweet  product  had,  by  far, 
the  greatest  quantity  of  total  insolubles  in  the  accelerated  stability  test  of  untreated 
samples. 

The  chlorine  present  in  some  samples  may  result  from  salt  entrained  in  the  crude  oil  and 
hydrolyzed  during  distillation.  This  commonly  occurs  in  refinery  distillation  operations 
and  is  cause  for  extensive  use  of  desalting  equipment.  The  copper  corrosion  value  of  3a 
for  the  West  Hackberry  Sour  product,  the  highest  of  the  eight,  may  have  been  caused  by 
a  combination  of  the  presence  of  corrosive  sulfur  and  chlorine  compounds,  such  as 
mercaptans  and  hydrochloric  acid,  respectively.  The  presence  of  most  of  the  other  trace 
elements  can  be  explained  by  the  presence  of  scale,  salt,  and  sediment  entrained  in  the 
crude  oil.  The  presence  of  tin  in  one  product  is  inexplicable,  but  may.  be  due  to 
contamination  of  the  crude  during  collection  or  contamination  of  product  during 
handling. 
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Normally,  salt  and  sediment  are  removed  at  a  refinery  prior  to  the  crude  being 
processed,  which  would  lower  the  trace  element  content  of  products.  Desalting 
equipment  was  not,  however,  available  fo1  this  project. 

Variation  among  certain  fuel  properties  can  be  accounted  for  not  only  by  differences  in 
the  crude  oil  makeup  of  each  of  the  SPR  streams,  but  also  by  the  wide  range  of  operating 
conditions  employed.  For  example,  middle  distillate  produced  from  W.  Hackberry  Sour 
crude  is  close  to  meeting  DF-1  criteria,  and  examination  of  the  operating  conditions 
shows  that  the  processing  used  to  manuiacture  this  material  was  indeed  quite  mild.  In 
other  cases,  yield  of  material  was  nearly  maximized,  but  at  the  expense  of  having  to 
sacrifice  fuel  quality.  Fig.  2  and  Fig.  3  compare  distillation  cutpoints  to  the  common 
specification  limits  of  VV-F-800. 

In  summary,  DF-1  and  DF-2  can  be  maae  from  SPR  crude  oils,  but  some  upgrading  will 
be  necessary  to  ensure  that  products  meet  the  requirements  for  sulfur  and  corrosion. 


Figure  3.  Endr 


lint  data  lor  middle  distillate  fractions 
from  5PR  crude 
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VO.  SUMMARY  AND  CONCLUSIONS 


Diesel  fuel  fractions  were  produced  from  each  of  the  eight  Strategic  Petroleum  Reserve 
crude  oil  streams  using  a  pilot-scale  distillation  column.  The  usual  trade-off  between 
fuel  quality  and  quantity  (distillation  range)  was  in  evidence  throughout  the  work  and 
reflects  the  variable  operating  conditions.  Operation  over  a  range  of  conditions  was 
explored  successfully. 

The  distinction  between  the  ASTM  D  86  data  (on  distillates)  as  employed  in  this  program 
and  the  D  2892  distillations  (on  crude  oil)  carried  out  at  NIPER  for  fractions  boiling  up  to 
approximately  650°F ,  (343°C)  influences  the  interpretation  of  data.  The  former  test 
consists  of  a  single-plate  column  operated  without  reflux,  while  the  latter  test 
encompasses  15  theoretical  plates  and  5sl  reflux  ratio.  A  comparison  of  data  from  the 
two  sets  of  work  must  be  made  with  this  major  difference  always  in  mind.  Also,  the 
crude  oil  samples  analyzed  at  NIPER  are  from  the  same  streams  as  those  used  at  BFLRF, 
but  the  two  sets  of  samples  apparently  were  not  collected  at  the  same  time.  The  effect 
of  this  difference  is  considered  to  be  minor. 

Overall,  the  data  indicate  that  diesel  fuel  produced  from  these  crude  oil  streams  will 
have  a  high  cetane  number.  In  general,  the  middle  distillates  produced  by  distillation  of 
SPR  crude  oil  can  be  expected  to  be  stable.  Good  stability  was  observed  for  seven  of  the 
eight  untreated  products.  For  the  one  product  that  exhibited  poor  stability,  the  addition 
of  a  multifunctional  stabilizer  additive  proved  beneficial  in  that  no  increase  in  the 
formation  of  deleterious  products  was  observed  following  additive  treatment.  Results  of 
fuel  storage  tests  at  80°C  were  in  agreement  with  the  accelerated  stability  test  results 
obtained  by  D  2274  and  indicated  good  stability  characteristics  for  the  additive-treated 
products. 

Because  of  operational  problems,  it  was  not  possible  to  obtain  fuel  samples  in  the 
quantities  originally  hoped  for  and,  consequently,  it  was  not  possible  to  perform  any  full- 
scale  engine  evaluations  or  to  upgrade  the  fuels  by  hydrotreating. 

Nonetheless,  the  data  obtained  on  the  straight-run  untreated  fuels  indicate  that 
transportation  fuels  conforming  to  VV-F-80Q  specifications  can  be  obtained  from  the 
SPR  crude  oil  streams.  Fuels  on  the  market  today  which  meet  VV-F-800  specifications 
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have  most  likely  undergone  some  upgrading.  Therefore,  the  SPR  crude  streams  and  the 
fuels  refined  from  them  are  essentially  no  different  than  other  refinery  feedstocks  and 
unfinished  product  streams.  Integrated  U.S.  refineries  producing  such  fuels  have  the 
capability  to  perform  the  upgrading  necessary  to  make  these  fuels  fully  conform  to  the 
specifications.  It  is  likely  that  high  particulates  encountered  in  this  work  would  be 
eliminated  by  crude  pretreatment  and  product  finishing. 

In  summary,  DF-1  and  DF-2  can  be  made  from  SPR  crude  oils.  However,  some  upgrading 
(e.g.,  hydrotreating)  will  be  necessary  to  ensure  that  products  meet  specification 
requirements  for  sulfur  and  corrosion  that  may  not  be  demanded  in  a  field  expedient 
fuel. 


VUL  RECOMMENDATIONS 


To  more  fully  evaluate  the  quality  of  middle  distillate  fuels  (both  diesel  and  jet)  that  can 
be  obtained  from  SPR  crude  oil  streams: 

•  More  distillate  should  be  refined  from  selected  crudes 

—Additional  drums  of  each  crude  are  available 

—Operating  experience  gained  from  this  study  will  allow  more  efficient 
distillation; 

•  Samples  should  be  upgraded  by  hydrotreating  at  a  variety  of  severities, 
especially  if  jet  fuel  production  is  anticipated;  and 

•  Full-scale  engine  tests  should  be  conducted  on  both  treated  and  untreated 

fuels. 
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0.  t.  D8PA1TKXRT  Of  XXttCT 
strategic  rmouoR  resirox 
CtOOt  OXL  ARALYSXf 

Oats  currant  as  of  Da  camber  1,  If *3, 
but  aubjact  to  change 

STREAM  SPR  »rran  Mound  Smt 


VROU  CHOWS 


TERMINAL  SawiT  Tarainal.  Praaport.  Tasua 


Specific  Gravity  0.844 
APX  Gravity  30.2  A  1.0 

Sulfur,  Wt.  X  0.31  ±  0.0 

Nitrogen,  Vt.  X  0.000 
Carbon  Hast duo,  Vt.  X  2. A 
Pour  Point,  *P  33 


0.32  t  0.03  OOP  mV  Paecor  11. A3 


Or*.  Cl,  ppm  TIP* 
0.0.  Color  0100 
R2S,npa  <1.0 


RPP,  pal  7.R  aw. 

Neutralisation  Ro.  <0.14 
Horcaptaoo,  ppm  8.4 
SIS  Tiacoaiey  (eSt) 

77  *?  33  (  9.28) 
100  »r  42  (  4.88) 


ItUTlOW  TO  1000*Pt 
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Lt.V-UII 
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0.  S.  DEPARTMENT  OF  ENERGY 
STRATEGIC  PETROLEUM  RESERVE 
.  .  CRUDE  OIL  ANALYSIS 

Dae*  currant  aa  of  Daeaabar  1,  1983  • 
but  aubjaet  to  ehanya 


STREAM  SPR  Arran  Mound  Maya 


TERMINAL  Saavav  Terminal ,  Praaoort,  Taaaa 


WHOLE  CRUDE: 


Specific  Gravity  0.921 
APX  Gravity  22.1  *  0.3 

Sulfur.  Wt.  X  3.25  ♦  0.2 

Nltrogan.  Wt.  X  0.337 
Carbon  Raaldue,  Wt.  X  10.3 
Pour  Point.  *F  _ <3 

DISTILLATION  TO  1000*?: 


3.23  ♦  0.22  OOP  "V  Factor  11.71 


Or*.  Cl,  pp«  3. A 
O.D.  Color  31,200 
R2S,pp«  <1.0 


EVP,  pal  3.' _ 

Nautralltatlon  No.  0.21 
Marcaptana,  ppn  33 
S’3  viaeoalty  (eSt) 

-.00  *F  3*0  (73.4) 

.  '*F  171  (36.53) 
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V*  f 

.  DKFA1TMIST  OF  INftCT 

ATtATIOXC  FlTftOLtm  KISBtVf 

CtOOS  OIL  ANALYSIS 

«  • 

V. 

Data  currant  ac  of  Oaeenber  1,  ISO, 

* 

but  aubjact  tc  change 

STMAM 

8F*  Vent  Nackbarvr  Sweat 

■ 

TUMDUL 

Son  Terminal,  We4arlan4. 

Taxaa 

VMOLt  CRtmti 

SfMifle  Cra vie?  _ 
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*FF.  P«1 
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AFX  Gravity 

37.4  *  0.3 

Neutrallaatloa  Ro._ 

0.14 

Sulfur,  Vt.  X 

0,34  A  0.03 

OOF  “K*  Factor  11.90 

Mar cape ana,  ppm 

7,4 

Vltrogan,  Vt*  X  _ 

0.103 

Org.  Cl,  ppm  TB0« 

SOS  Vlacoalty  (cSt) 

Carbon  ftaaldue,  Vt 

.  X  2.19 

0.0.'  Color  8100 

77  *F  43 

(  3.82) 

Four  Feint,  *F 
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o.  f.  DintmuT  or  mtcr 

STIAT8GIC  rtTROUUM  tKSKtVZ 
*  "  CIODI  on.  AULTI1I 

Dici  current  u  of  Oeeenber  1*  ltU, 
but  subject  Co  change 


STRIA*  mjiit  Nackberry  Sour 


TZRMINAL  Sun  Tamlnal.  Nederland,  Texas 


WWOtl  CRPDCt 


Specific  Crevice  0.860 
ATI  Gravity  i  33.1  A  1.0 

Sulfur,  Wt.  I  j  1.71  A  0.10  OOP  T  factor  12.01 

lltrogen,  Wt.  II  0.105  Org.  Cl,  pea  TIP* 

Carbon  Residue,  Wt.  I  4.04  O.D.  Color  TIP 
four  Point,  *t[  <30  N2S,ppa  <1.0 


DISTILLATION  TO 


1006*fj 


RTF,  tel  3.3  nan. 

Neutralisation  Wo.  <0.12 
Marcaptans,  opa  IS 
SOI  Viaeoaltp  (eSt) 

77  *T  3»  (10.05) 
100  *?  53  (  *.28) 


MOT  I  1000*?  IWiia 


« — ■taai  wjjjjjijj.  sjhuju.  wjjjjuiuj. 

x ,  £  *  .  u. ,  2 m  tJdLz&vuuuiA****,.  . 

i  tilling. wuimii.  ■!>*» 
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0.  t.  DXPAITMKMT  OF  IIII6! 
STRATIGIC  PITtOLBOM  IltltVt 
OtOOt  OIL  ARAIYSXS 

Data  curraot  aa  of  Oaeaabar  1,  1983, 
but  tub) act  ca  changa 

STttAX  SFt  lavou  Choctaw  !w»t 


TXMQIAL  SW  St.  Jaaaa  Terminal.  St,  Jaaaa.  Loualana 


WHOU  CtOTCi 


Sfaclde  Gravity  0.844 
AFX  Gravity  38.2  at  1.0 

Sulfur,  Wt.  X  0.33  *  0.03  ®P  *X“  Faetor  I2.lt 
nitrogen,  Wt.  X  0.098  Or*.  Cl,  opal  T8P* 

Carbon  Residue,  Wt.  X  2.8  0.0.  Color  TIP 

Four  Point,  *?  _ 33  RjS.pon  <1 


RTF,  pal  3.8 
neutralisation  Wo.  0.09 
Wercaotana,  pan  27 
SOB  Tlacoalty  (eSt) 

77  *F  53  (8.91) 
100  *F  49  (7.08) 


PlSTItUTIOW  TO  1000*9: 


Drawn® 
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o.  t.  oiPAiTMiHT  or  sitter 
STIATI6XC  rtTSOLtm  Itsitfl 
CtOOl  OIL  ANALYSIS 

“  Data  currant  aa  of  Daeeaber  l,  1H3, 

but  aubjact  to  change 


STMAM  SFR  layon  Choctaw  Sour 


TtNMXNAL  SFR  St.  Jaaaa  Terminal,  St.  Jaaaa,  Loualana 


VROtt  CRUDft 


Specific  Gravity  0.871 
ATI  Gravity  31.0  A  l.o 

Sulfur,  Wt.  t  1.76  A  0.1' 

Nltrogaa,  Wt.  I  0.138 

Carbon  Raaldua,  Wt.  t  *.30 
Four  Feint,  *7  3 

DISTILLATION  TO  1000*1: 


1.76  A  0.10  UOP  T  Factor  11.86 


Org.  Cl,  ppa  TIP* 
O.D.  Color  TIP 
HjS 1 ppa  <1 .0 


IFF,  pat  3.30  wan. 

Nautralliatloa  No.  <0.12 
Norcaptona,  ppa  18 
SOI  Vlacoalty  (cSt) 

77  *F  67  (12.28) 

100  *F  32  (8.10) 


1  wuimu.  muiiim.  mimim.  1 

1  wniuiiixinimL  w. 


#***iMM  WMWIWd 


T89  I  TBP  I  TTO  1  TBP 
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rnnun.  wmiim.  mi  mini.  1 _ 

rnrrfrrr  wrrnn  n.wni.irmwntrniwi 
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r,  ill — |  KwUfr  /  Vol.  49.  No.  14  /  Friday,  {tnutry  ax  1984  /  Unit*  «nd  Rafulatloo* 


V.  «.  DSFARTMSRT  or  inter 
iTiATtcic  rtrioLim  limvi 
CSOSt  OIL  ARALTSXS 

*  Dtti  currant  u  of  hmtor  1,  1913. 

WC  nkjict  u  chugs 


STREAM  sn  Waaha  tolud  lot 
TERMINAL  SFR  St.  J«w»  Terminal.  3t.  Jaaaa.  Loot  it  ana 


WHOLE  CRPPRl 

Specific  Gravity  0»479 
AFX  Gravity  29.7*A  0.1* 

Mfir,  Vt.  t  1.39  t  0.10  OOF  "*m  Faeto*  lt.7> 

Nitrogen,  Vt.  I  0.173  0r|.  Cl,  ppm  <1 - 

Carboa  Real We,  ««.  X  3.17  0.0.  Colo*  .28, SAP, M 

Four  Point,  *F  <3  *2*.PP«  .  <!:° - 

DISTILLATION  TO  1000*7! 


RTF,  pol  A. 9 

Neutralisation  Ro.  0.09 
Mar cape ana,  ppm  18  , 
SON  Viecoaity  (eSt) 

77  *T  78  (14.83) 
100  *T  38  (  9.78) 


a.r uu inn.  .  ^  - 
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APPENDIX  B 

1986  CRUDE  ASSAY  DATA 
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U.  S.  DEPARTMENT  OF  ENERGY,  STRATEGIC  PETROLEUM  RESERVE 

CRUDE  OIL  ANALYSIS 

V 

Stream  SPR  Bavou  Choctaw  Sour _ Terminal  DOE  St.  James  Terminal,  St.  James,  LA 


Crude 


0.8573 


...LLJL 


S  pacific  Gravity 
AM  Gravity 
Salto,  Wt  % 

Nitnfta,  Wt  % 

Con.  Car.  Ran.  Wt  %  (c)»  ^ 64_ 
Poor  Point  *P  ■  l  — 


5.80 


0.144 


Ni.  ppm  LH1J1L  ERVP,  pma  <9  100*  P. 

V,  ppm  27.7(27.6)*  Nntniization  No. 

Fe,  ppm*06  0*t*ct«bl.i.(li.3)«ai3,  pp^  (c). 

Orf.  Cl  ppm  (c)*-  .P-;i -  Morcaptam,  ppm  (e)*  . 

OJ).  Color  15»900  Vlaoooity;  7TP_Li*_eSt 

UOP  “K"  U*90  .  5-88  eSt  45-2 


0.15 

3.1 

4.2 


53.2 


SUS 

SUS 


1  . . . . — — - - - 

tmm 
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- 5 - 

■na 

■■■■ 

wmmmLmmmm 

■■■TSHBi 

7 
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H 

■m 

175*. 

as err 

mm 

BBevjmBB 

mtzfmm 

|50r. 

1055#F 

Kandaam 

VoL  -  ala 

E3B 

184.6 

329.3 

585.5 

731.4 

535.9 

1311.8 

611.0 

VoL  a 

IOF1 

4.1 

7.4 

13.1 

16.4 

12.0  . 

29.4 

13.7- 

VoL  Sam  % 

IDE! 

8.1 

15.5 

2a. 6 

45.0 

57.0 

86.4 

100.1 

IHJE 

124.8 

238.9 

451.5 

598.6 

461.0 

"■"  "12 1314 

TT579 

1  Wt  a 

IBE1 

mmmm 

6.2 

11.8 

ii.6 . ^ 

1775 

31. 1 

TO  “ 

■mi 

0.6761 

0.7255 

0.7712 

0.8184 

■BEEQSH 

0.9250 

1.026 

API  Gravity 

77.8 _ 

63.5 

ram 

41.4 

33.0 

21.5 

8.2 

Saifur.  Wt  a  ■ 

■mm 

0.010 

Bm 

0.32 

1.01  ■ 

2.  It. 

3.57 

Mareaptana.  sea  i 

<i 

50.3 . 

<i 

7.1 

i  a  i 1 1  —i  i"  mm 

31.3 

3.8 

32.4 

bbsbbbi 

■■■BBBB 

bbbbbh 

m»i t  rw 

1.7 

1.7 

L_LJ _ 

■. 

■ 

Amlin*  Point  7 

BB3QB 

144.3 

160.5 

179.4 

, 

Naucraluaciea  No. 

\wmmm 

0.04 

o.oi 

■■■■■■■ 

mm  Bj 

Catant  Index 

i  . 

' 

49.62 

“~TO 5 

BBBBBBB 

■bbbb 

Ikthttv1?  ges  mCM\ 

■■■■■ 

BHHBH 

mmmmm 

■UKUB 

mmmmmmmmm 

wmmmmmmmmmi 

1  Smokt  point  1 

HHHHH 

mmmmmm 

mmmm 

■huubb 

mmmsiBimmm 

mmmmmmmmm 

■ 

rri  ttttbbb 

mmmmmm 

■bbb 

BBBB 

_ 

0.154 

0.532 

1  VUeomtyt  i 

HBHHI 

■■■■ 

mmmmmmmmm 

■bbbbbi 

■ 

[HEfEnEBCiQBI 

BBBB 

mmmmm 

■■■Ml 

BBBBBBB 

mmmmmm 

B  MB  B 

100*  F 

BMBBi 

BBBB 

■H9KFM 

EftUQBlfl 

mmmmtmmimm 

BBI 

130*  r 

■■BB 

■■■1 

BBBBI 

■BBBBB 

■KHran 

29.45(139.4] 

is<rr 

BHHBB 

_ 

_ 

_ 

■ 

11.30(63.7) 

jio*  r 

BBBB 

■bbbi 

mmmmm 

■bbbibb 

BBBBBB 

■■H 

2864(13359) 

aso*p 

BBBB 

mmmm 

mmmmmm 

665.9(3113) 

Fraanna  Point  7 

■1  ■ 

-31.9 

Good  Point  *F 

22 

106 

BBBHHI 

20 

90 

dYTTBBBBBI 

■m 

mmmmm 

mmmmm 

mimmmmmmmmt 

■BIBBBB; 

ot  DacaccabH 

45.0' 

kthhi 

BBHBi 

mmmm 

mmmmm 

mmmmmmmmm 

mmmmmmmmmk 

fHTmnm 

,  163 

EflFTSBIBBBI 

mu 

mmmmm 

mmmmmm 

wmmmmmmmm 

mmmmmmm i 

nmmmi 

o 

m 

BBBB! 

ibbbb 

mmmmmmmmm 

mmmmmmmmmmmmm 

HBSBBHi 

22.2  ■ 

Data  current  as  of  September  19,  1986,  but  subject  to  change. 

*  (e).  aateaiatad  tnm  fraeoon  raaalu. 


Whole  crude  lead  content:  0.022  ppm. 


CS-175°F  Cr375°F 


Research  Octane  Number: 
Motor  Octane  Number: 


63.5 

59.4 


44.6 

42.5 


Gat  Chromatographic  Analysis 
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SPR  BAYOU  CHOCTAW  SOUR 


Otstiliat*  fraction*,  ASTM  0  2883 


Ct-m*p 

Vot* 

173-330*  r 
Vot* 

230-375*  P 
voi.* 

37S-420 *9 
Vot* 

•  Total  Paraffin* 

45.0 

33.4 

TBD+ 

TBD 

Total  bo-paraffins 

404 

304 

Total  Aromatics 

24 

74 

Total  Napnthsoa* 

113 

254 

Total  Olafln* 

ao 

ao 

Total  Unknowns 

ao 

ao 

Paraffins:  Cl 

0.0 

ao 

C2 

ao 

ao 

C3 

ao 

ao 

C4 

as 

0.0 

cs 

110 

04 

ce 

2*4 

3.6 

a  \ 

1.0 

19.4 

* 

cs 

00 

7.9 

cs 

ao 

0.0 

CIO 

0.0 

0.0 

cii 

ao 

0.0 

CIS 

0.0 

0.0 

bo-paraffins:  C4 

ao 

ao 

CS 

3.7 

0.1 

CS 

29.0 

17 

a 

44 

16.0 

CS 

0.0 

13.7 

cs 

0.0 

1.1 

ii 

CIO 

0.0 

0.0 

C11 

0.0 

0.0 

Aromatics:  CS 

20 

0.7 

C7 

0.3 

3.3 

CS 

0.0 

14 

CS 

0.0 

0.0 

CIO 

0.0 

0.0 

C11 

0.0 

0.0 

CIS 

0.0 

0.0 

NapOtftanea:  CS 

s.o 

0.1 

CS 

9.0 

46 

C7 

1.2 

13.4 

CS 

00 

7.1 

C9 

0.0 

0.0 

CIO 

0.0 

0.0 

C11 

0.0 

0.0 

CIS 

0.0 

0.0 

Olefin*  C4 

0.0 

0.0 

CS 

0.0 

0.0 

cs 

0.0 

0.0 

CT 

0.0 

CS 

0.0 

00 

OtManization 

fraction 


Component 

Vot* 

Median* 

(man* 

ai 

Propane 

108 

l-Sutane 

7.7 

n-Sutane 

31.3 

19.8 

n-P*ntan* 

24.2 

<V 

3.9 

Whole  Crude 

B-T-X 

Benzene 

0.134 

Toluene 

0.428 

Ethylbenzene 

0.037 

Xylenes 

0.064' 

Th#  gas  cfiromatograpfiie  PIANO  metnod  used  provides  for  elution  and  identification  of  compc  i*nti  up  to  •  nom  inaf  n-C  1 2  (420*  f) 

l’To  be  determined. 
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U.  S.  DEPARTMENT  OF  ENERGY,  STRATEGIC  PETROLEUM  RESERVE 

CRUDE  OIL  ANALYSIS 

v 

Stream  SPR  Bavou  cjjoctaw  Sweet  _ Terminal  DOE  St.  James  Terminal,  St.  James,  tA 


Specific  Gravity 
API  Gravity  _2i 

Sulfte,  Wt  %  JL. 

Nitrofta,  Wt  %  -JL 

Cob.  Car.  Ra*.,  Wt  %  (e)*  _L. 
Poor  Point  7  30 


Ni.  ppm 

V,  ppm  ,7,tP.C2-*I 

F«,  ppm  ItLLLll 

Or*.  Cl,  ppm  (c)f — !Li — 
OD.  Color  U.OOO 

UOP  *7C”  12.03 


***(»•* *)*.  ERVP,  pma  ®  100*  *  -8-10 
7.0(7. ft)*  Nratralixation  No.  JLIZ  . 
3.J-C.?-3)*.  HjS,  ppm  (c)*  . 

_ _  Mercaptan*,  ppm  (e)*  3- 9 _ 

U.OOO  Vlacoeitr  TT»F  6.86  _,g»  _ 48,2  SUS 
12.03  ifWP  4.90  ft2. 1  st to 


Cat  Top. 


VoL  ■  mi* 


VoL  % 


VoL  Sam  * 


III 


IfHDI 


IBS 


e  Gravity  0 .  6 


0.6826 


75.8 


0.004 


8.0 


0.7382 


60.2 


0.002 


30.9 


466.2 


11.4 


0.7759 


,  50.9 


0.011 


15.3 


0.8235 


40.3 


11.7 


2 


482.2 


11.8 


0.8528 


34.4 


1456.9 


30.1 


88.3 


1322.0 


32.4 


0.9074 


24.4 


0.54 


lUmdBaat 


Amlin*  Point  T 


Nmtraluaaoa  No. 


Nophtfaol«n«o,  voi.  a 


iBETaEZU 


0.0003 


Viacom 


cSt(SUS)  TTP 


100*  t 


130*  P 


180*  P 


210*  P 


asorp 


F.mn«  Point  *F 


ll  T  ■ 


2.33(33.7) 


5(32.1)  i  4. 


3. 


89(42.0) 


33(3 


flMBttHtBffill 
—I  II I II I II  III 


oc  Decectabl 


oc  Detectab 


Data  current  a$  of  September  19,  1986,  but  subject  to  change. 

*  (e).  r»lr*l«tod  (bom  fraction  mult*. 


CS-175°F  C5-375°F 


Whole  crude  lead  content:  0.006  ppm. 


Research  Octane  Number: 
Motor  Octane  Number: 


Gas  Chromatographic  Analysis 
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SPR  BAYOU  CHOCTAW  SWEET 


OttHats  fractions.  ASTM  0  29SQ 


Cf17S*P 

vcf.% 

179-250*  P 
Vot  % 

290375*  P 
Vo 1.* 

379-420*  P 
Voi.% 

*  Tom  Paraffins 

41.1 

214 

TBD+ 

TBO 

ToM  lap-paraffins 

314 

24.7 

ToM  Aromatics 

XI 

7.7 

ToM  Naphthenes 

18.9 

42.0 

Tom  Ofoflns 

0.0 

ao 

ToM  Unknowns 

ao 

ai 

Paraffins:  Cl 

ao 

0.0 

C2 

ao 

ao 

a 

ao 

0.0 

C4 

14 

ao 

cs 

174 

03 

Cl 

22.4 

4.1 

C7 

ar 

14.S 

Cl 

ao 

1.4 

Cl 

00 

0.0 

CIO 

0.C 

0.0 

C11 

0.0 

0.0 

Cl  8 

ao 

0.0 

Iso-paraffins:  C4 

ai 

00 

CS 

ai 

0.1 

Cl 

24  5 

2.0 

C7 

3.1 

12.2 

Cl 

0.0 

9.4 

Cl 

0.0 

0.9 

CIO 

0.0 

0.0 

C11 

0.0 

0.0 

Aromatics:  Cl 

2.8 

0.9 

C7 

0.8 

5.8 

Cl 

0.0 

14 

C9 

0.0 

0.0 

CIO 

0.0 

0.0 

C11 

0.0 

00 

cia 

0.0 

0.0 

Nspntftsnss:  CS 

2.7 

04 

CS 

14.2 

83 

C7 

2.0 

23.0 

Cl 

0.0 

105 

Cl 

0.0 

01 

CIO 

0.0 

0.0 

C11 

0.0 

0.0 

Cl  2 

0.0 

0.0 

Olefin*  C4 

0.0 

0.0 

CS 

0.0 

0.0 

Cl 

0.0 

0.0 

CT 

00 

00 

Cl 

0.0 

0.0 

Osbutsnixstion 

Praction 

Componsnt 

vof.% 

Methane 

Khans 

0.0 

Propane 

11.8 

l-Sutana 

IS 

n-SuMia 

38.3 

pfimins 

111 

20.3 

cv 

41 

Whole  Crude  B-T-X 

Component 

Vol .% 

Benzene 

0.202 

Toluene 

0.494 

Ethylbenzene 

0.033 

Xylenes 

0.064 

*  Ths  gas  chromatographic  PIANO  mstnod  ussd  provides  for  stution  and  identification  of  components  up  to  a  nominal  n-C  i  j  (420*  P) 

To  be  determined. 
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U.  S.  DEPARTMENT  OF  ENERGY,  STRATEGIC  PETROLEUM  RESERVE 

,  4  CRUDE  OIL  ANALYSIS 

Stream  SPR  Bryan  Mound  Maya _ Terminal  Phillips  Terminal,  Freeport,  TX 


Specific  Gravity 
API  Gravity 
Sulfur.  Wt  % 

Nitrogen,  Wt  % 

Con.  Car.  Rat.,  Wt  %  (e)* 


0.9166 

22.9 

3.13 

0.336 

11.19 


Crude 

Nippm  3».'6(62.6)*  ERVP.  peia  @  100*  F Ll— _ 

V,  pPm  263  <263>*  Neutralization  No.  0-22 

Fa,  ppm  ii2J.P-,..y*  H,S.  ppm  (e)*  — Lli - 

•  17  7 

Org.  CL  ppm  (c)*,-?'3,.— ,  ■  Mereaptans,  ppm  (c)*  _ ' _ 

0.0.  Color  69.450  Viaeoeity:  TTV  128.11  -St  593  SITS 


Pour  Point  *F  -0 _  UOP  •‘K’*  1LI1 _  100*  F  &L2&—  cSt _ W-  SUS 


■ — — - - - - - 

■  jTTTTnHBHBB 

warn 

Mnaa 

wmmmm 

« 

Cue  Trap. 

H 

hj! 

BJM 

wmvrrjn 

K3S 

Bk3M 

mm* 

Paaniuum 

VoL  •  ala 

1  71.0 

1 40.3 

220.2 

421.6 

473.8 

...  404.2 

1104.7 

1317.2 

Vol.  a 

nra 

3.4 

5.3 

10.2 

11.4 

9.  7 . 

26.6 

31.7 

VoL  Sum  % 

m 

PE1E1HH 

10.4 _ 

.  10. 6 _ . 

32.0 

41.7 

68.3 

100.0 

l.lii,,  l.TWI 

i  w*m 

KFMi 

■BKjnsB 

im 

390.9 

351.4 

1034.7 

U05-5 

Wt  % 

iim 

non i 

8.5 

10.3 

9.2 

_ ILA _ 

36.9 

Specific  Gravity 

■Nil 

l»IRlil 

IH77TI 

0.7719 

0.8251 

0,8693 

■KPCTTTfli 

1.067 

API  Gravity 

wncm 

63.3 _ 

51.6  - 

40.0 

31.3 

19.6 

1.1 

Sulfur.  Wt  % 

men 

nm 

0.95 

2.00 

2.97 

5. Si  ' 

82.0 

WIHW 

HUM 

hhhh 

hhhh 

HHHHHI 

hhhh 

H,S.  ppa 

2.9 

vmn 

5.3 _ _ 

hhhh 

HHHHHI 

HHHHHI 

Orfiaic  Cl.  ppa 

1.8 

1.9 

HH 

hhhh 

HHHHHI 

hhhh 

HHHHHI 

Arnlint  Point  T 

_ 

■nm 

141.7 

151.9 

163.4 

Nautraiixation  No. 

mi 

HHHH 

0.03 

0.06 

Cetana  Index 

47.09 

48.14 

Naphthaienea.  vol.  %  j 

4.  16 

10.98 

Saokt  point 

16.0 

13.3 

hhhh 

■H@iK 

0.0016 

0.030  ' 

0^112 

0.75c 

KESGTH  HI 

mmm 

wmmm 

hhhh 

hpihh 

hhhh 

HHHHHI 

hhhh 

\mmmm 

■■■Hi 

HH 

■SBHBfSi 

hhhh 

hhhh 

HH 

100*P 

i 

_ 

uumimu 

BllfgliW 

■■■HHH 

■HB££££iH 

130*  P 

!■■■■ 

hhhh 

hh 

WFHMIHi 

laorp 

!■■■ 

hh 

HHHH 

hhhh 

HHHHHI 

■WWTHW 

210*  P 

1 

495874 ( 2.31x1 

o6 

> 

2SO*  P 

!■■■■ 

hh 

HHHH 

hhhh 

hhhh 

HHHHHI 

42772  (19src2 

Praaxinf  Point  *P 

-31.9 

■ 

Ooud  Point  *P 

24 

*“  ToS  ““ 

Pour  Point  *P 

20 

!■■■■ 

■hh 

HHH 

hhhh 

hhhh 

oc  Datactabli 

169 

V.  ppa 

\mmmm 

hh 

hhhb 

hhhh 

hhhh 

ot  Datactabli 

711 

Fe  PP« 

!■■■■ 

lHBU&i 

hh  ■ 

hhhh 

■HHHHE 

ot  Datactabli 

■  2.L 

Con.  Car.  Sea..  Wt  % 

_ 

0.45 

30.  t 

Data  current  as  of  September  19,  1986,  but 

*  <e).  calculated  tram  frucuoa  ruaulta. 

Whole  crude  lead  content:  0.008  ppm. 


subject  to  change. 

Cg-175°F  C5-375°F 

Research  Octane  Number:  64.4  41.5 

Motor  Octane  Number:  60.7  41.3 
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OMUlata  fraction*.  A5TM  0  2SS3 

Ce-m*  p 

VOi% 

171-330*  r 
voi% 

230-375*  F 
Vot% 

373-420*  P 
voi.% 

•  ToM  Paraffin* 

4S.0 

332 

TBD+ 

T8D 

Total  lao-paraffln* 

37.2 

31.2 

ToM  Aromatica 

11 

7.3 

Tom  NapWhona* 

11.7 

27.0 

ToM  Owing 

0.0 

ao 

ToM  Unknown* 

ao 

ao 

Paraffin*:  Cl 

ao 

0.0 

C3 

ao 

ao 

a 

ai 

0.0 

C4 

i.i 

ao 

cs 

202 

0.7 

cs 

214 

45 

a 

IS 

ISO 

cs 

ao 

S.1 

cs 

ao 

0.1 

CIO 

0.0 

0.0 

C11 

0.0 

0.0 

CIS 

ao 

0.0 

lao-paraffln*:  C4 

os 

0.0 

CS 

IS 

0.3 

CS 

24.0 

2.3 

C7 

4.S 

14.2 

CS 

0.0 

IIS 

C9 

0.0 

1.4 

CIO 

0.0 

0.0 

C11 

0.0 

0.0 

Aroma.'-*:  CS 

2.0 

0.1 

CT 

1.1 

32 

CS 

00 

IS 

cs 

0.0 

0.0 

CIO 

00 

0.0 

Cll 

0.0 

0.0 

cte 

0.0 

0.0 

Napmnanaa:  CS 

20 

0.2 

1 

. 

CS 

8.4 

43 

1 

C7 

1.4 

13.1 

CS 

0.0 

94 

CS 

0.0 

0.0 

CIO 

0.0 

0.0 

CIV 

0.0 

0.0 

cu 

0.0 

0.0 

OWIna:  C4 

0.0 

00 

CS 

0.0 

0.0 

cs 

0.0 

00 

C7 

0.0 

00 

CS 

0.0 

0.0 

Oabutamzatlon 

Praetlon 

Component 

Vd.  % 

>  S  *Sti  ■  rl  * 

Mmnv 

Ettan* 

0.1 

tio 

i-Suung 

IS 

mSutana 

40.8 

r  f 1 VI 1 IJM  m 

110 

1S.S 

o 

IS 

Wiole  Crude  B-T-X 

Component 

Vol  .* 

8enzene 

0.110 

Toluene 

0.313 

Ethylbenzene 

0.029 

Xylenes 

0.057 

*  Th*  g*»  efiromatoerapnie  PIANO  mgthod  u**d  prova**  (of  ttvtion  trxS  Mtntiflcatfon  o*  compon*mi  up  to  •  nominal  n-C  i  j  (*30T  f) 

*To  be  determined. 
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Stream  SPR  Bryan  Mound  Sour 


U.  S.  DEPARTMENT  OF  ENERGY,  STRATEGIC  PETROLEUM  RESERVE 

CRUDE  OIL  ANALYSIS 

v 

Terminal  Phillips  Terminal,  Frcaport,  TX 


Data  current  as  of  September  19,  1986  but  subject  to  change. 

*  (e).  ealcaUMd  fra m  6«ctto«  ranlla. 


C5-17S°F  C5-3750c 


Whole  crude  lead  content:  0.002  ppm. 


Research  Octane  Number: 
Motor  Octane  Number: 


Gm  Chromatographic  Analysis 

SPR  BRYAN  MOUND  SOUR 
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Oabuaniatton 

r  racoon 

Cofnponmt 

Vot.% 

K M 

<xo 

u 

Mutvw 

71 

r»Suttn« 

32.7 

■  » 

Mnww 

22.9 

24.0 

O 

90 

MhoTe^Crude^B^T-X 

Component  Vol  .” 

Benzene  0.123 

Toluene  0.420 

Ethylbenzene  0.035 
Xylenes  0.071 


•Tt^jnchfBwietogrientcWANOiwewJu— epw»W<er<>eiomndid<rwi<lctdBHO<CB»THMrwmmpw»iBmln«ti»Cia(480*  f) 

+To  be  determined. 
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u.  S.  DEPARTMENT  OF  ENERGY,  STRATEGIC  PETROLEUM  RESERVE 


CRUDE  OIL  ANALYSIS 


Stream  SPR  Bryan  Mound  Sweet 


Terml nal  Phillips  Terminal.  Freeport,  TX 


Specific  Gravity 
API  Gravity  -M*P- 

Salfui,  Wt  %  0-32 

Nitrogen,  Wt  *  -JLJ22 

Coo.  Car.  Rco..Wt%(c)«  -2J.9.. 
Poor  Point  *P  —££ — 


Ni,  ppm  ?■« 1  32. 

V,  ppm  LAO.-.2! 

F«,  ppm  ±Jl±dX- 

Or*.  Cl,  ppm  (e)* — Id - 

OJ>.  Color  11><>so 

UOP  "X”  12.00 


S-K5-31*  EBVP,  pen  ®  100*  FJJI 
2.^(3. 2)*  Neutralization  No.  °-06 


HfS,  ppm  (c)*  — ill - 

Mercaptan*,  ppm  (c)*  °-i - 

Vlaeomtr  TTF-_LiL.eStJiiL.SUS 
1Qfl»F  4.69  42.0  st is 


Data  current  as  of  September  19,  1985,  but  subject  to  change. 

*  (rt.  ealnlaud  frota  fraction  rwoiti 


CS-175°F  C5T375c 


Whole  crude  lead  content:  0.C06  ppm.. 


Research  Octane  Number: 
Motor  Octane  Number: 
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Qas  Chromatographic  Analysis 

SPR  BRYAN  MOUND  SWEET 


Oabutmoation 

Component 

Vol  .  « 

»• 

tt«w 

0.0 

^op<ni 

lie 

Mum 

iu 

wiuttm 

3*4 

p^nana 

100 

1S.1 

o 

i.a 

Whole  Crude  B-T-X 


Component 


Vol 


Benzene 

Toluene 

Ethylbenzene 

Xylenes 


0.150 

0.375 

o.ofco 

0.034 


l'n>»eMen»B»n«>ogr«pn>c  WANOm»tfwduwepwWwfo»«»/Bon«n<iidtntmc«aor  o*eoripo«wiagp>e«no»W>atrvC^2(‘ 

To  be  determined. 


u.  $.  DEPARTMENT 


Stream  SPR  Weeks  Island  Sour 


OF  ENERGY,  STRATEGIC  PETROLEUM  RESERVE 

$RUDE  OIL  ANALYSIS 

_  Terminal  DOE  St.  James  Terminal,  St.  James,  LA 


28,.9 


1.32 


Spadfic  G rarity  -JLlfilL 

API  Grmrity  — 

Selfto.  Wt  % 

Nitrogen,  Wt  %  — 

Con.  Car.  Rae.,  Wt  %  («)•  _ 

Pow  Point  *F  _ Li 


0.216 


4.97 


NL 


Crude 


PPm 


V,  ppa 
Fa. 

Onr- 


IPPtn 

.  CL  ppm  (c)* 
0.0.  Color 
UOP  -K” 


14,0(13.8)*  ERVP,  peia  ®  100*  F _idL 
39.2(42.3)*  Nautralixation  No.  °-19 
0.7  (1.3)* 

0.3 


0.3 


6.3 


H)S,  ppm  (c)* 

Mercaptan*,  ppm  (e)* 

-  25.13°  Vmeoaitr  7T F  eSt  SUS 

11  -A*  100* F  -ll-43  eSt  63,9  SUS 


fli  i . 

mm 

s 

\mmmm 

HHBBBBiHHi 

wmmo—m 

Cat  Temp. 

li 

HUi 

aaor. 

«0*F 

I029*p 

Bandnam 

VoL  •  ala 

laoe 

132.0 

252.0 

I  455.6 

642.3 

526.7 

1330.0 

835.3 

VoL  % 

i  warn 

3.1 

5.9 

I  10.6 

15.0 

12.3 

3l.O 

1971 

VoL  Sna  * 

IBB 

5.8 

11.7 

iK£tm 

'  37.3 

STTS 

5575 

BHUUdUHi 

M.’i'T".'.  l""f  1 

IKK 

91.3 

■PM 

MEOSM 

533.0  ~ 

~  45572 

””  1233.7 

mmn xtam 

i  *«■  * _ i 

Utl 

2.4 

.4.9 

LLi _ 

14.1 

12.1 

3275  “ 

1775  i 

0.6918 

0.7370  II  0.  7777 

0.8298 

0.8699 

0.9276 

1.024  | 

API  Gnrivy 

73.0 _ 

60.5 

IEEK9H 

39.0 

31.2 

21.0 

6.7  i 

Sulfur.  Wt  * 

mn'Fm 

0.004 

1  0.043 

0.29 

0.85 

1.58 

3.00 

Kit?  Hi  U  .17U—I 

10.2 

17.4 

mmmm 

|M—BBM 

MMMMM 

BIB  iT—jj— | 

<1 

HEH9HII 

IMMBM 

■mm 

mmmm 

■mmmm 

mmmi 

Orvaaie  Cl.  ppm  ! 

2.8 

2.1 

inEHi 

mmbmbbm 

mmmmm 

bmbbbmm 

mhbmi 

Aniline  Point  *F 

■TOM 

137.4 

152.9 

17173 

• 

Sautroluaoon  No.  i 

0.06 

0.07 

■mbm 

mm 

■  Cauno  Index  ' 

MMMi 

■■■■! 

■■■ 

mmhmi 

47.98 

. 

Naphthalene*.  *ol.  %  1 

_ 

4.75 

BH1UM 

mmmmm 

mmmmm 

E5B3E5BMWHI 

MBBMH 

■■HHI 

flMMBI 

lJ.5 

sMum 

■jfiti  1 1 1 1  mi 

MMMB 

mmmm 

MMMi 

on 

073— 

077 - 

■raaprn 

■MMH 

mmam 

mmmmm 

mmmm 

■MMMM: 

mmmm^ 

ostisusi  rr  f  i 

p 

2.31(33.7) 

100*  F  1 

_ _ 

1.85(32.1) 

5.17(42.9) 

130*F  1 

3.48(37.6) 

30.96(146.1: 

180*  F  | 

11.58(64.8) 
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Data  current  as  of  September  19,  1^86,  but 

*  (e),  calculated  from  frecaoa  malt*. 

Whole  crude  lead  content:  0 .014  pim. 


subject  to  change. 


Cg-175°F  CS-375°F 


Research  Octane  Number: 
Motor  Octane  Number: 


65.8 

62.4 


50.3 

47.3 
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Oat  Chromatographic  Analysis 

SPR  WEEKS  ISLAND  SOUR 


OeOwtanization 

Fraction 

Component 

Vol  « 

Memane 

itfiene 

0.2 

Fropane 

132 

i-Sutana 

SO 

n-Sutana 

32.4 

Montana 

179 

n-Fantane 

210 

<V 

00 

Whole  Crude  B-T-X 


Component  Vol .% 


Benzene  0.197 
Toluene  0.458 
Ethylbenzene  0.025 
Xylenes  0.048 


’ Th*  9**  ehromatoyrapnic  PIANO  matnod  uaad  pnwioai  to*  elution  no  identification  of  comp-manta  up  to  •  nominal  rv-C  i  j  (420*  F) 

'To  be  determined. 
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U.  S.  DEPARTMENT  OF  ENERGY,  STRATEGIC  PETROLEUM  RESERVE 

CRUOE  OIL  ANALYSIS 

Stream  SPR  jest  Hackberry  Sour _ Terminal  Sun  Marine  Terminal,  Nederund,  TX 


Crude 


0.8S99 


33.1 


1.40 


S pacific  Gravity 
API  Gravity 
Salto.  Wt  ft 
Nitrogtn,  Wt  ft 
Cob.  Car.  JUa.Wt  ft(c)*_LIi. 
Poor  Point,  *7  —  Szi- 


4.10 


0.12 


0.140 


NLppm  ERVP,  pda  @  100*  P . 

V,  ppm  25.9(24.7)*  Neutralization  No. 

Fa,  ppm  liMlbill.  HjS,  ppm  (e>* 

Or*.  G,  ppm  (e)*  — ' _  Mareaptaaa,  ppm  (c)*  . 

OJ).  Color  l8’300--  Viaeoaitr.  TTP«L!i_cSt 


1.2 


23.7 


54.9 


UOP  “K" 


11.90 


ino»g  _M7  cSt  — iiii. 


sus 

sus 


Fraction 

1 - - 

1 

2 

3 

BUM 

Cat  Tamp. 

ii 

C3- 
175*  F 

Bfl 

■KtA am 
WKeslMM 

iapHta.  ^ 

RandnuxB  | 

VoL  ■  ala 

TOR 

192.7 

324.5 

591.7 

709.0 

523.3 

1265.3 

&2J.9 

VoL  .** 

HO 

4.4 

7.4 

13.6 

16.3 

12.0 

29.0 

14.6  1 

VoL  Sum  B 

HO 

m 

14.7 

28.3 

44.6 

56.6 

85.6 

100.2 

ran 

130.4 

235.2 

455.4 

579.0 

449.6 

1166.5 

646.7  • 

Wt  A 

HO 

3.5  . 

6.3 

12.1 

15.4 

12.0 

31.1 

17.2 

3 poetic  Gravity 

EH3I 

0.6766 

0.7249 

0.7696 

0.8167 

0.8591 

1.017 

API  Gravity 

77.6 

63.7 

52.4 

41.8 

32.2 

2270  . 

'  7.6 

Suifta.  Wt  W 

O.020 

0.010 

0.040 

0.32 

1.02 

1.96 

3.-8  . 

Mercaptan*,  ppm 

<1  . 

43.1 

12C.4 

■QBBi 

■■■■■■■ 

■  ■ 
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16.3 

3.7 
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■■■■■■■ 

■  ■ 
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■OUBSI 

IHHHHHI 
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!  Amlin*  Point  *F 
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rsyrg 

T62T5 

180.5 

pgaM 

HHHHi 

K5MI 

0.04 

0.07 

1  Octant  India 

* 

50.36 

51.11 

l  Naphthalan**.  vol.  A  i 

3.97 

— 

■i 

Sipoitt  point 

20.1 

15.3 

HHHHHHI 

■i 

Nitn>»«n.  Wt  % 
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0.013 

0. 146 

0.;:: 
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1  ‘ 
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■ 
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■  ■ 
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_ 
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HBHH 
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■■■■ 
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■  HHI 
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BO 

■  ■ 

20 

sd  j 
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IOBOO 

■  ■ 

mm 

ot  Decectabld  3?  ■  7 

IK9RT3HHHHH 

IOO 

HHHHHHE 
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IOO 
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Data  current  as  of  September  19,  19S6,  but  subject  to  change. 

*  (ci.  calcc.taud  tram  fraction  rwuiU- 


C--175°F  C5-375Qc 


Whole  crude  lead  content:  0.02S  ppm. 


Research  Octane  Number: 
Motor  Octane  Number: 


62.9 

59.6 


43.5 

40.9 


51 


Gas  Chromatographic  Analysis 

SPR  WEST  HACKBERRY  SOUR 


Sheet  2  of  2 


OMUttt  fraction*.  ASTM  0  2898 


8S&-37S*  f 
Val.  % 
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U.  S.  DEPARTMENT  OF  ENERGY,  STRATEGIC  PETROLEUM  RESERVE 

CRUDE  Oil.  ANALYSIS 

Stream  SPR  West  Hackberry  Sweet  Terminal  Sun  Marine  Terminal,  Nederland,  TX 


Specific  Gravity 
API  Gravity 
Solfor,  Wt  ft 
Nitrogen,  Wt  ft 


0.8343  NLppm  l.KMI*.  ERVP.pna®  KXPP-itil 

38.1  V,  ppa  2. 7(3.4)*  Neutralization  No.  . ?.'.lu . 

0.28  Fe,  ppm  2-6<3.4)*  H,S.  ppm  (0*  — 

0.090  Orf.  a  ppm  (c )*— SJ -  Mereaptana.  ppm  (c)*  ,.°.r.7  - 


Con.  Car.  Rea.,  Wtft(c)*— 1*11 -  OJ).  Color 


Viacoeity.  77*  F  4-88,  ,.cSt 


Fon  Point  *F 


UOP  “K” 


Data  current  as  of  September  19,  1936,  but  subject  to  change. 

*  (e),  calcaUrtd  turn  treeooa  netiiu. 


C5-175°F  C5-375°F 


Whole  crude  lead  content:  0.004  ppm. 


Research  Octane  Number: 
Motor  Octane  Number: 


68.5 

63.9 


53.3 

30.3 
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Gas  Chromatographic  Analysis 


SPR  WEST  HACKBERRY  SWEET 


OMttate  fraction*.  ASTM  D  2882 


Cf-ITS*  * 
Vot% 

17*480*  t 

vot% 

290-378*  f 
Voi.  % 

375-420*  f 
VoL  % 

•  ToM  Paraffine 

04 

244 

TBD+ 

TBO 

ToM  lao-paraffine 

38.1 

34.4 

ToM  Aiomottc* 

IS 

94 

• 

ToM  Naphthanaa 

174 

414 

ToM  Oleflna 

04 

04 

ToM  Unfcnoeme 

OO 

00 

Paraffin*  Cl 

04 

OO 

a 

04 

00 

cs 

04 

OO 

C4 

1.7 

OO 

CS 

203 

03 

CS 

214 

4.1 

C7 

OS 

14.9 

CS 

OO 

8.6 

CS 

OO 

OO 

CIO 

00 

0.0 

C11 

00 

0.0 

CIS 

OO 

OO 

b»paraffin*  C4 

04 

OO 

CS 

94 

Ol 

cs 

224 

1.7 

CT 

24 

143 

CS 

OO 

9.4 

CS 

00 

0.8 

CIO 

0.0 

0.0 

C11 

OO 

0.0 

Aromattca:  CS 

3.1 

14 

CT 

04 

OS 

CS 

OO 

1.0 

CS 

00 

0.0 

CIO 

0.0 

0.0 

C11 

0.0 

0.0 

Cl  2 

0.0 

0.0 

Naphthanaa:  CS 

49 

01 

CS 

13.1 

89 

CT 

14 

224 

CS 

0.0 

10.0 

CS 

OO 

OO 

CIO 

00 

0.0 

C11 

0.0 

0.0 

Cl  2 

0.0 

0.0 

Oteftne:  C4 

0.0 

0.0 

CS 

00 

0.0 

CS 

0.0 

0.0 

CT 

0.0 

0.0 

CS 

0.0 

00 

Dtoutanization 

Pfirtofl 

Component 

Voi.  % 

Methane 

Ethane 

0.0 

Propane 

9.7 

Mkitane 

7.8 

n-Sutana 

36.4 

8  ^niana 

17.4 

21.5 

o 

84 

Whole  Crude 

3-T 

-X 

Component 

Vol."c 

Benzene 

0. 

308 

Tol uene 

0. 

652 

Ethylbenzene 

0. 

025 

Xylenes 

0. 

051 

*  The  gaa  chromatographic  PIANO  method  ueedpwvidea  toe  elution  and  klenttfteation  of  componentaijptoanqinlnaln-Ci2  (420*  ^ 

''To  be  determined. 


DEPARTMENT  OF  DEFENSE 


DEFENSE  TECHNICAL  INFORMATION 
CTR 

CAMERON  STATION.  "  12 

ALEXANDRIA  VA.  22314 

DEPT.  OF  DEFENSE 
ATTN:  OASD/AdcL  (EP) 

(MR  DYCKMAN)  1 

WASHINGTON  DC  20301-8000 

CDR 

DEFENSE  FUEL  SUPPLY  CTR 
ATTN:  DFSC-Q  (MR  MARTIN)  1 

DFSC-DF  (MR  FRENCH)  1 

CAMERON  STATION 
ALEXANDRIA  VA  22304-6160 

DOD 

ATTN:  DUSDRE  (RAT)  (DR  DIX)  1 

ATTN:  ROOM  3-D- 1089,  PENTAGON  1 

WASHINGTON  DC  20301 

DEFENSE  ADVANCED  RES  PR03 
AGENCY 

DEFENSE  SCIENCES  OFC  1 

1400  WILSON  BLVD 
ARLINGTON  VA  22209 


DEPARTMENT  OF  THE  ARMY 

CDR 

U.S.  ARMY  BELVOIR  RESEARCH, 

DEVELOPMENT  &  ENGINEERING  CTR 


ATTN:  STRBE-VF  10 

STRBE-BT  2 

FORT  BELVOIR  VA  22060-5606 

HG,  DEPT  OF  ARMY 

ATTN:  DALO-TSE  (COL  BLISS)  1 

DALO-TSZ-B  (MR  KOWALCZYK)  1 

DALO-AV  1 

DAMO-FDR  1 

DAMA-ART  (MR  APPEL)  1 

WASHINGTON  DC  20310-0005 

CDR 

US  ARMY  MATERIEL  COMMAND 
ATTN:  AMCDE-SS  1 

AMCSM-WST  1 

5001  EISENHOWER  AVE 
ALEXANDRIA  VA  22333-0001 


CDR 

US  ARMY  TANK-AUTOMOTIVE  CMD 
ATTN:  AMSTA-RG  (MR  WHEELOCK)  1 


AMSTA-TSL  (MR  BURG)  1 

AMSTA-MTC  (MR  GAGLIO), 

AMSTA-MC,  AMSTA-MV  1 

AMSTA-RGP  (MR  RAGGIO/ 

MR  MCCARTNEY)  1 

AMSTA-MLF  (MR  KELLER)  1 

WARREN  MI  48397-5000 


DIRECTOR 

US  ARMY  AVIATION  RESEARCH  <5c 

TECHNOLOGY  ACTIVITIES  (AVSCOM) 
ATTN:  SAURT-R  (MR  ANDRE)  1 

AMES  RESEARCH  CENTER 
(MAIL  STOP  207-5) 

MOFFETT  FIELD  CA  94035-1099 

CDR 

US  READINESS  COMMAND 

ATTN:  J4-E  1 

MACDILL  AIR  FORCE  BASE  FL  33608 


DIRECTOR 

US  ARMY  MATERIEL  CMD 
MATERIEL  SUPPORT  ACTIVITY 
ATTN:  AMXTB-T  (MR  STOLARICK)  1 
FORT  LEWIS  WA  98433 

CDR 

US  ARMY  GENERAL  MATERIAL  & 
PETROLEUM  ACTIVITY 
ATTN:  STRGP-F  (MR  ASHBROOK)  1 

STRGP-FE,  BLDG  85-3 
(MR  GARY  SMITH)  1 

STRGP-FT  (MR  FOSTER)  1 

NEW  CUMBERLAND  PA  17070-5008 

HQ,  DEPT.  OF  ARMY 

ATTN:  DAEN-DRM  1 

WASHINGTON  DC  20310 

CDR 

US  ARMY  LABORATORY  COMMAND 
ATTN:  AMSLC-TP-PB  (DR  GONANO)  l 


AMSLC-TP-AL  (LTC  SCHRADER)  1 
ADELPHI  MD  20783-1145. 

CDR 

US  ARMY  FORCES  COMMAND 
ATTN:  AFLG-REG  1 

AFLG-POP  1 

FORT  MCPHERSON  GA  30330 
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CDR 

US  ARMY  RES  &  STDZN  GROUP 
(EUROPE) 

ATTNs  AMXSN-UK-RA  (DR  OERTEL)  1 
AMXSN-UK-SE  1 

BOX  65  m  v 

FPO  NEW  YORK  Q9510 

CDR 

US  CENTRAL  COMMAND 

ATTN:  CINCCEN/CC  34-L  1 

MACDILL  AIR  FORCE  BASE  FL  33608 

CDR 

US  ARMY  YUMA  PROVING  GROUND 
ATTN:  STEYP-MT-TL-M 

(MR  DOEBBLER)  1 

YUMA  AZ  85364-9103 

PRO]  MGR,  BRADLEY  FIGHTING 
VEHICLE  SYS 

ATTN:  AMCPM-FVS-M  1 

WARREN  MI  48397 

CDR 

US  ARMY  DEVELOPMENT  AND 
EMPLOYMENT  AGENCY 
ATTN:  MODE-FDD-CSSB 

(MAJ  GROSSMAN)  1 

FT  LEWIS  VA  98433-5000 

PR03  MGR,  MOBILE  ELECTRIC  POWER 
ATTN:  AMCPM-MEP-TM  1 

7500  BACKLICK  ROAD 
SPRINGFIELD  VA  22150 

CDR 

US  ARMY  EUROPE  &  SEVENTH  ARMY 
ATTN:  AEAGG-FMD  I 

AEAGD-TE  1 

APO  NY  09403 

CDR 

THEATER  ARMY  MATERIAL  MGMT 
CENTER  (200TH)-DPGM 
DIRECTORATE  FOR  PETROL  MGMT 
ATTN:  AEAGD-MMC-PT-Q 
(MR  CARLONE)  1 

APO  NY  09052 

HQ,  EUROPEAN  COMMAND 
ATTN:  J4/7-LJPO  (LTC  McCURRY)  1 
VAIHINGEN,  GE 
APO  NY  09128 


CDR 

US  ARMY  RESEARCH  OFC 
ATTN:  SLCRO-EG  (DR  MANN)  1 

SLCRO-CB  1 

POBOX  12211 

RSCH  TRIANGLE  PARK  NC  27709-2211 
CDR 

US  ARMY  LEA 

ATTN:  DALO-LEP  1 

NEW  CUMBERLAND  ARMY  DEPOT 
NEW  CUMBERLAND  PA  17070 

CDR 

US  ARMY  GENERAL  MATERIAL  & 
PETROLEUM  ACTIVITY 
ATTN:  STRGP-PW  (MR  PRICE)  1 

BLDG  247,  DEFENSE  DEPOT  TRACY 
TRACY  CA  95376-5051 

CDR 

US  ARMY  FOREIGN  SCIENCE  <3c  TECH 


CENTER 

ATTN:  AIAST-RA-ST3  (MR  BUSI)  1 

AIAST-MT-l  1 

FEDERAL  BLDG 
CHARLOTTESVILLE  VA  22901 

HQ,  US  ARMY  T&E  COMMAND 
ATTN:  AMSTE-TO-O  1 

AMSTE-CM-R-O  1 


AMSTE-TE-T  (MR  RITONDO)  l 
ABERDEEN  PROVING  GROUND  MD 
21005-5006 


CDR,  US  ARMY  TROOP  SUPPORT 
COMMAND 

ATTN:  AMSTR-ME  1 

AMSTR-S  l 

AMSTR-E  1 

AMSTR-WL  (MR  BRADLEY)  1 

4300  GOODFELLOW  BLVD 
ST  LOUIS  MO  63120-1798 

TRADOC  LIAISON  OFFICE 
ATTN:  ATFE-LO-AV  1 

4300  GOODFELLOW  BLVD 
ST  LOUIS  MO  63120-1798 


HQ 

US  ARMY  TRAINING  &  DOCTRINE  CMD 
ATTN:  ATCD-SL-5  1 

FORT  MONROE  VA  23651-5000 
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CDR 

CONSTRUCTION  ENG  RSCH  LAB 
ATTN:  CERL-EM 

CERL-ES  (MR  CASE) 

CERL-EH 

P  O  BOX  4005  -  • 

CHAMPAIGN  1L  6J820 

CDR 

US  ARMY  QUARTERMASTER  SCHOOL 
ATTN:  ATSM-CD 
ATSM-TD 

ATSM-PFS  (MR  ELLIOTT) 

FORT  LEE  V A  23801 

CDR 

US  ARMY  TRANSPORTATION  SCHOOL 
ATTN:  ATSP-CD-MS  (MR  HARNET) 

FORT  EUSTIS  VA  23604-5000 

CDR 

US  ARMY  WESTERN  COMMAND 
ATTN:  APLG-TR 
FORT  SCHAFTER  HI  96858 

CDR 

US  ARMY  LOGISTICS  CTR 
ATTN:  ATCL-MS  (MR  A  MARSHALL) 
ATCL-C 

FORT  LEE  V  A  23801-6000 

PROJECT  MANAGER 
PETROLEUM  &  WATER  LOGISTICS 
ATTN:  AMCPM-PWL 
4300  GOODFELLOW  BLVD 
ST  LOUIS  MO  63120-1798 

CDR 

US  ARMY  ENGINEER  SCHOOL 
ATTN:  ATZA-TSM-G 
ATZA-CD 

FORT  BELVOIR  VA  22060-5606 
CDR 

MILITARY  TRAFFIC  MANAGEMENT 
COMMAND 
ATTN:  MT-SA  (MR  DOWD)  1 

WASHINGTON  DC  20315 

CHIEF,  U.S.  ARMY  LOGISTICS 
ASSISTANCE  OFFICE,  FORSCOM 
ATTN:  AMXLA-FO  (MR  PITTMAN)  1 

FT  MCPHERSON  GA  30330 


DEPARTMENT  OF  THE  NAVY 

1 

1  CDR 

1  NAVAL  AIR  PROPULSION  CENTER 

ATTN:  PE-33  (MR  D'ORAZIO)  1 

PO  BOX  7176 
TRENTON  NJ  06828 

CDR 

I  NAVAL  SEA  SYSTEMS  CMD 
1  ATTN:  CODE  05M4  (MR  R  LAYNE)  1 

1  WASHINGTON  DC  20362-5101 

CDR 

DAVID  TAYLOR  NAVAL  SHIP  R&D  CTR 
ATTN:  CODE  2759  (MR  STRUCKO)  1 

l  CODE  2831  1 

ANNAPOLIS  MD  21402-5067 

CDR 

NAVAL  SHIP  ENGINEERING  CENTER 
1  ATTN:  CODE  6764  1 

PHILADELPHIA  PA  19112 

CDR 

NAVAL  FACILITIES  ENGR  CiTR 
1  ATTN:  CODE  1202B  (MR  R  BURRIS)  1 
1  200  STOVAL  ST 

ALEXANDRIA  VA  22322 

OFFICE  OF  THE  CHIEF  OF  NAVAL 
RESEARCH 

1  ATTN:  OCNR-126  1 

ARLINGTON,  VA  22217-5000 

CHIEF  OF  NAVAL  OPERATIONS 
ATTN:  OP  413  1 

WASHINGTON  DC  20350 

1 

1  CDR 

NAVY  PETROLEUM  OFC 
ATTN:  CODE  43  (MR  LONG)  1 

CAMERON  STATION 
ALEXANDRIA  VA  22304-6180 


DEPARTMENT  OF  THE  AIR  FORCE 


HQ, USAF 

ATTN:  LEYSF  (COL  LEE)  1 

WASHINGTON  DC  20330 
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HQ 

AIR  FORCE  SYSTEMS  CMD 
ATTN:  AFSC/DLF 
ANDREWS  AFB  MD  20334 


US  AIR  FORCE  WRIGHT  AERONAUTICAL 
LAB 

ATTN:  AFWAL/POSF  (MR  CHURCHILL)  1 
WRIGHT-PATTERSON  AFB  OH  45433- 
6563 

CDR 

SAN  ANTONIO  AIR  LOGISTICS 
CTR 

ATTN:  SAALC/SFT  (MR  MAKRIS)  1 

SAALC/MMPRR  1 

KELLY  AIR  FORCE  BASE  TX  7S241 


OTHER  GOVERNMENT  AGENCIES 

NATIONAL  AERONAUTICS  AND 

SPACE  ADMINISTRATION  1 

LEWIS  RESEARCH  CENTER 
CLEVELAND  OH  44135 


DEPARTMENT  OF  TRANSPORTATION 
FEDERAL  AVIATION  ADMINISTRATION 
ATTN:  AWS-110  1 

800  INDEPENDENCE  AVE,  SW 
WASHINGTON  DC  20590 

US  DEPARTMENT  OF  ENERGY 
ATTN:  MR  ECKLUND  (CE-151)  1 

MR  H  N  GILES  (EP-531)  10 

FORRESTAL  BLDG. 

1000  INDEPENDENCE  AVE,  SW 
WASHINGTON  DC  20585 

ENVIRONMENTAL  PROTECTION 
AGENCY 

AIR  POLLUTION  CONTROL  1 

2565  PLYMOUTH  ROAD 
ANN  ARBOR  MI  48105 
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